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Chemistry is a science devoted to the study of the properties and interactions between 
matter and energy. In other words, chemistry involves the study of the properties, 
characteristics, and physical and chemical changes of matter. The study of chemistry is 
essential as it is the central science for Life and, therefore, its knowledge and 
application is fundamental for our progress and welfare but at the same time we need 
to be aware that its use can affect to the environment and everything around us. 
1.1 The concept of “Click Chemistry” 
 
"Click Chemistry" is a term that was introduced by K. B. Sharpless in 2001 to describe 
reactions that are high yielding, wide in scope, create only byproducts that can be 
removed without chromatography, are stereospecific, simple to perform, and can be 
conducted in easily removable or benign solvents. This concept was developed in 
parallel with the interest within the pharmaceutical, materials, and other industries in 
achieving capabilities for generating large libraries of compounds for screening in 
discovery research. 
K. B. Sharpless explains this term in his paper1 as: 
Click chemistry serves as a guiding principle in the quest for function: the search must 
be restricted to molecules that are easy to make. Focusing on lead discovery, this 
strategy provides a means for the rapid exploration of the chemical universe. For lead 
optimization, it enables rapid SAR profiling, through generation of analog libraries. 
Click chemistry does not replace existing methods for drug discovery, but rather, it 
complements and extends them. It works well in conjunction with structure-based 
design and combinatorial chemistry techniques, and, through the choice of appropriate 
building blocks, can provide derivatives or mimics of ‘traditional’ pharmacophores, 
drugs. However, the real power of click chemistry lies in its ability to generate novel 
structures that might not necessarily resemble known pharmacophores. 
Click chemistry is both enabled and constrained by its reliance on a few nearly perfect 
reactions, and this, naturally, raises concerns about limitations on its access to 
chemical diversity.  
 
                                                     
1 H. C. Kolb, K. B. Sharpless, The growing impact of click chemistry on drug discovery, DDT,  




A focus on making carbon–heteroatom bonds must be accompanied by the use of pre-
formed carbon–carbon bonds. The best, and most energetic, of these building blocks 
are olefins and acetylenes. Chemists have access to a plethora of such materials, 
ranging from naturally occurring terpenes to olefins from the petrochemical industry. 
They can easily be decorated via addition or oxidation reactions (Figure 1). 
 
Figure 1.Click Chemistry – energetically highly favorable linking reactions. a) Unsaturated 
compounds provide the carbon framework. New groups are attached via carbon-
heteroatom bonds (shown in red). b)The premier click chemistry reaction: The copper(I)-
catalyzed coupling of azides and terminal acetylenes creates 1,4-disubstituted 1,2,3-
triazole linkages, which share useful topological and electronic features with nature’s 
ubiquitous amide connectors, However, unlike amides, triazoles are not susceptible to 
cleavage. 
 
1.2 The concept of “Sustainable Chemistry” 
 
“Sustainable Chemistry”2 is an area of chemistry focused on the improvement of the 
quality of chemical processes in order to obtain a higher overall yield but, at the same 
time, considering environmental objectives by following a series of principles 
established in this discipline. 
                                                     
2 F. García Calvo-Flores, J. A. Dobado, Quimica sostenible: una alternativa creíble,An. Quim., 
2008, 104, 205-210. 
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Thus, “Green Chemistry” is a discipline that develops different tools and approaches in 
chemistry that help to keep the ecosystem(s)3 and the resources of our planet with the 
incorporation to traditional chemical approaches and rules environmental parameters 
and the related improvement principles. The so-called “Green Chemistry Principles” try 
to reduce or eliminate the use and formation/production of hazardous substances that 
may have an environmental impact, developing the necessary approaches to continue 
a technological progress along with a clean and healthy planet4.  
Figure 2.Green Chemistry 
This type of clean innovations will allow companies with social and environmental 
responsibility to be respected and achieve an advantageous position over competing 
companies. “Green Chemistry” provides advanced solutions to many problems that we 
face in our everyday life such as the climate change, the current energy challenges, the 
presence of toxic substances around us and the depletion of natural resources.  
For that reason, it is necessary the worldwide collaboration of societies, scientists and 
technologists to implement these principles and get a sustainable society. 
The design of environmentally benign products and processes may be guided by the 12 
Principles of “Green Chemistry” developed by Paul Anastas and John Warner in the last 
decades of the XX Century (Figure 3).¡Error! Marcador no definido. These principles 
are a categorization of the fundamental approaches taken to achieve the “Green 
Chemistry” goals of benign products and processes, and have been used as guidelines 
and design criteria by molecular scientists. Like all multiparameter systems, tradeoffs 
and balances will be made in striving toward optimization, based on the specific 
circumstances of application. The current state-of-the-art in “Green Chemistry” has 
been reached due to advances in research, implementation, education, and outreach 
over the past decades. 
12 Green Chemistry Principles5 
                                                     
3 N. P. Pajaro Castro, Química verde: un nuevo reto, Ciencia e ingeniería neogranadina, 2011, 
21, 169-182. 
4 E. M. Sanchez Cervantes, La quimica verde como plataforma para el desarrollo de materiales 
y procesos sustentables, Ciencia Uanil, 2015, 57, 58-66. 
5 P. T. Anastas, M. M. Kirchhoff, Origins, current status, and future challenges of green 




1. It is better to prevent waste than to treat or clean up waste after it is formed. 
2. Synthetic methods should be design to maximize the incorporation of all materials 
used in the process into the final product. 
3. Wherever practicable, synthetic methodologies should be designed to use and 
generate substances that possess little or no toxicity to human health and the 
environment. 
4. Chemical products should be designed to preserve efficacy of function while 
reducing toxicity. 
5. The use of auxiliary substances (e. g. solvents, separation agents, etc.) should be 
made unnecessary wherever possible and innocuous when used. 
6. Energy requirements should be recognized for their environmental and economic 
impacts and should be minimized. Synthetic methods should be conducted at 
ambient temperature and pressure. 
7. A raw material of feedstock should be renewable rather than depleting wherever 
technically and economically practicable. 
8. Unnecessary derivatization (blocking group, protection/deprotection, and 
temporary modification of physical/chemical processes) should be avoided 
whenever possible. 
9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 
10. Chemical products should be designed so that at the end of their function they do 
not persist in the environment and break down into innocuous degradation 
products. 
11. Analytical methodologies need to be further developed to allow for real-time, in-
process monitoring and control prior to the formation of hazardous substances. 
12. Substances and the form of a substance used in a chemical process should be 
chosen so as to minimize the potential for chemical accidents, including releases, 




Figure 3. 12 Green Chemistry Principles 
1.2.1. Sustainable bio-based products6 
 
A bio-based product derived from 
renewable resources having recycling 
capability and triggered biodegradability 
with commercial viability and 
environmental acceptability is defined as 
a “sustainable” bio-based product 
(schematic representation in Figure 4).  
Figure 4. “Sustainable” bio-based products 
1.2.2. Polymers 
 
Polymers are intrinsically associated to our way of life. Also in this field we should take 
into consideration the Green Chemistry principles. The use of green polymers has 
experienced an increase in manufacturing and their use has been widely recognized in 
recent years. Moreover, many methodologies of “Green Chemistry” have used 
polymers to address different challenges and environmental hazards. Research on 
renewable feedstocks and bio-based transformations, structural design and design for 
degradability are all promising areas.  
1.2.3 Green solvents 
 
Green solvents or alternatives solvents are a group of compounds to be used as 
alternatives to current solvents in order to reduce the impact of using traditional 
organic solvents. Green solvents are often produced from renewable raw materials. 
The design of environmentally benign solvents and solventless systems has been one 
of the most active areas of Green Chemistry over the past decades. Solvents are highly 
regulated and used in large quantities. Organic solvents pose a particular concern to 
the chemical industry because of the sheer volume used in synthesis, processing, and 
separations. Many are classified as volatile organic compounds (VOCs) or hazardous air 
pollutants (HAPs) and are flammable, toxic, or even carcinogenic. 
                                                     
6 A. K. Mohanty, M. Misra, L. T. Drzal, Sustainable bio-composites from renewable resources, 




Over the last 30 years, the area of solvents has greatly advanced in terms of new 
properties and uses achieved with the development of some additional categories of 
solvents that have attracted much attention from academia and industry.7 Nowadays, 
as it has been mentioned, our society demands improving the sustainability of the 
planet and so, industries have been involved in replacing some solvents by others 
causing a reduced environmental impact, helping to preserve the nature. 
Environmental concerns associated to solvents often do not involve their use but their 
recovery and reuse. Green solvents must be easily separable and reusable as well as 
non-polluting. These are essential properties for the solvents to be the most used in 
the future. 
Thus, for example, homogeneous organic solvent-based coatings may be replaced with 
water-based heterogeneous emulsions, or chlorinated organic solvents with 
hydrocarbon-based solvents. Water may be used instead of organic solvents for 
conducting chemical reactions, toluene instead of benzene, cyclic siloxanes instead of 
tetrachloroethylene, or biodegradable esters instead of nonbiodegradable solvents. 
The list of new green solvents includes supercritical water and carbon dioxide, ionic 
liquids or fluorous phases. 
Supercritical water. Water exists in the supercritical state at temperatures above 374 
:C and pressures above 221 bar. Supercritical water behaves as a nonpolar solvent 
primarily because hydrogen bonding is lost under these extreme conditions. The 
dielectric constant of water decreases from 80 at ambient conditions to <5 above the 
critical point. Salts are not soluble in supercritical water, whereas nonpolar organics 
are completely soluble, as is O2, and they can be rapidly and efficiently oxidized to CO2 
and H2O. Oxidation reactions in supercritical water have been extensively studied, 
especially for chemical demilitarization and the disposal of organic waste such as nerve 
agents and mustard gas. However, the design of a suitable reactor poses significant 
challenges. Under the extreme conditions required, trace amounts of halogens lead to 
extensive corrosion of most reactor materials. Despite extensive research efforts, 
corrosion problems have not been satisfactory solved.  
Fluorous phases. Fluorous solvents have produced several 
particular advantages in synthetic reactions. These 
solvents are particularly useful in fluorous biphasic 
catalysis in which the homogeneous catalyst and the 
product reside in separate phases eliminating in this way, 
the need for energy-intensive separations. Moreover, 
fluorous solvents are not toxic and may reduce several 
difficulties by eliminating the possibility of exothermic 
                                                     
7 J. M. DeSimone, Practical approaches to green solvents, Green Chem., 2002, 297, 799-803. 
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reactions.                                                                                        Figure 5.A typical three-phase 
Liquid-liquid extraction 
 
Solvent extraction is widely used in organic chemistry to separate substances from 
mixtures, to isolate dissolved compounds from solutions, and to remove soluble 
impurities from mixtures. Solvents commonly used for this purpose include diethyl 
ether, methylene chloride, chloroform, acetone, and water.  
This process is usually performed through the immiscibility of two liquid phases, 
usually one aqueous and the other organic. Highly fluorinated compounds are 
classified as the “third liquid phase”, because organics, water and fluorous compounds 
are mutually immiscible (Figure 5). This property can be of utility and it has been 
advantageously applied for separations and for solution-phase organic synthesis. 
1.3 Ionic liquids 
In the last few years the use of ionic liquids (ILs) as alternative solvents for many 
applications including catalytic processes has increased substantially,8 and the benefits 
and different approaches reported to combine continuous flow systems and ILs are the 
core of this work and have been recently reviewed.9 
Ionic liquids (ILs) represent a new class of salts that are distinguished by a range of 
useful properties such as negligible vapor pressure, thermal stability, nonflamability, 
high ionic conductivity and remarkable solubility properties. The term ionic liquid in 
contrast, besides, implies a material that is fluid at ambient temperature (or mild 
temperatures), is colorless, has a low viscosity and it is easily handled, i.e. a material 
with attractive properties for a solvent. 
 
Figure 6.Examples of ionic liquids 
                                                     
8 P. Wassercheid, T. Welton, Ionic liquids in synthesis, Wiley, 2008, Vol. 1. 
9 E. García-Verdugo, B. Altava, M. I. Burguete, P. Lozano, S. V. Luis, Ionic liquids and continuous 




Ionic liquids are in general defined as liquid electrolytes composed entirely of ions.10 In 
structural terms, ILs can be defined as organic salts having low melting points (< 100 
ᴼC). Many different alternatives are possible, but in general ILs are composed of 
ammonium or phosphonium cations, preferentially big and non-symmetrical, and a 
variety of anions, preferentially large, delocalized and non-coordinating anions. 
Heterocyclic cations like imidazolium, pyridinium or triazolium are often present in the 
structures of ILs (Figure 6). Room temperature ionic liquids are usually defined as 
those being liquids at room temperature and they represent attractive media for 
performing green catalytic reactions. 
1.3.1 Catalysis 
In the field of catalysis, ionic liquids are frequently selected as important, good and 
green reaction media.11 According to their properties they are especially effective 
media for homogeneous catalysis as: 
 They essentially do not present any vapor pressure. 
 They generally have very good or at least reasonable thermal stability. 
 They are able to dissolve a wide range of organic, inorganic and organometallic 
compounds. 
 The solubility of gases is generally good, which makes them attractive solvents 
for catalytic hydrogenations, carbonylations, hydroformylations and aerobic 
oxidations. 
 They can be made miscible with organic solvents, e.g. hexane. 
 Polarity and hydrophilicity/lipophilicity can be readily adjusted by a suitable 
choice of cation/anion, and ionic liquids have been referred to as “designer 
solvents”. 
 They are often composed of weakly coordinating anions, hence, have the 
potential to be highly polar yet non-coordinating solvents. They can be 
expected, therefore, to have a strong-rate-enhancing effect on reactions 
involving cationic intermediates. 
In spite of these advantages of ionic liquids as reaction media for catalytic 
processes,12 they have yet to be widely applied in industry. The reason for this 
situation is probably associated to the high price of the ionic liquids and to the still 
                                                     
10 J. Dupont, R. F. de Souza, A. Z. Suarez, Ionic liquid (Molten salt) phase organometallic 
catalysis, Chem. Rev., 2002, 102, 3667-3692. 
 
11 R. A. Sheldon, Green solvents for sustainable organic synthesis, Green Chem., 2005, 7, 267-
278. 
 
12 R. Sheldon, Catalytic reactions in ionic liquids, Chem. Commun., 2001, 23, 2399-2407. 
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reduced information available regarding their toxicity and biodegradability. The 
replacement of conventional VOCs with ionic liquids is an obvious improvement 
with regards to atmospheric emissions but small amounts of ionic liquid will 
inevitably end up in the environment. Indeed the current trend in this regard is 
towards the development of nontoxic, biodegradable ionic liquids, based on 
renewable raw materials. 
1.3.2 Applications of ionic liquids 
 
Ionic liquids have been offered to different catalytic applications including organic and 
inorganic syntheses and in biotransformations using biocatalysts.13Thus, the use of 
ionic liquids as potential solvents for industry has grown exponentially in the last 
decades. Their high solvent power and the capacity to adjust their hydrophobicity, 
makes possible to use the ionic liquids as solvents in the traditional liquid-liquid 
extractions. On the other hand, many other recent uses have been found for these 
compounds: 
 Heat transfer fluids in solar energy systems. 
 Separator agents of azeotropes. 
 Lubricants. 
 Electrolytes in electrochemical industry. 
 Supported ionic liquid membranes. 
 New materials in analytical chemistry. 
 Plasticizers. 
 Dispersants and surfactants. 
1.3.3 Supported Ionic Liquids-Like Phases (SILLPs) 
 
                                                     
13 F.J Hernández-Fernández, A.P de los Ríos, M. Rubio, F. Tomás-Alonso, D. Gómez, G. Víllora, A 
novel application of supported liquid membranes based on ionic liquids to the selective 
simultaneous separation of the substrates and products of a transesterification reaction, J. 
Memb. Sci., 2007, 293, 73-80. 
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Figure 7.General and adjustable structure of polystyrene-Supported Ionic Liquid-Like Phases 
(SILLPs) 
In the last few years, a large number of research groups have focused their efforts on 
the development of the so-called Supported Ionic Liquid-Like Phases (SILLPs) prepared 
by the immobilization of molecules with IL-like structures onto solid supports. These 
solid supports can have different nature, but very often they are an organic polymer, in 
particular polystyrene. These advanced materials allow to transfer the ionic liquid 
properties to the solid phase leading to either monolithic or gel supported ionic liquid-
like phases sharing, therefore, the properties of true ionic liquids and the advantages 
of a solid support. 
Thus, for instance, different polymers containing alkylimidazolium chloride subunits 
were prepared from commercially available Merrifield resins (chloromethylated 
polystyrene-divinylbenzene) having different chloride loadings and crosslinking 
degrees. Initially, gel-type microporous chloromethylated resins in the form of beads, 
bearing a low crosslinking degree and with chloride loadings ranging from 1.2 to 4.3 
mmol Cl/g were studied and the synthesis was optimized, allowing a quantitative 
transformation of the chloromethyl fragments into alkyl benzyl imidazolium groups as 
is shown in Figure 7. 
The use of ionic liquids has been demonstrated to be an efficient and environmentally 
friendly reaction medium for different catalytic processes including those catalyzed by 
metal nanoparticles (MNPs), metal complexes or enzymes, and some of them have 
even acted as promoters for the cyanosilylation14 of aldehydes under mild conditions 
without the need for a Lewis acid or any other special activation. 
 
 
                                                     
14 S. Martin, R. Porcar, E. Peris, M. I. Burguete, E. García-Verdugo, S. V. Luis, Supported ionic 
liquid-like phases as organocatalysis for the solvent-free cyanosilylation of carbonyl 




Figure 8.Synthesis of SILLPs: (i) alkylimidazole, 90ºC; (ii) NaX or HX, H2O. Resins 1-3 are 
microporous beads with 2% crosslinking, 1 (1.2 mmol Cl/g), 2 (2.1 mmol Cl/g) and 3 (4.3 mmol 
Cl/g); 4 macroporous resin (1.2 mmol Cl/g). 
Overall, the use of SILLPs present distinct advantages over the related bulk ILs as are 
the need of reduced amounts of IL (reduced cost), the facilitation of recovery and 
reuse (reduced cost and environmental concerns associated to IL leaching to the 
environment), the facilitation of the work-up and handling (reduction again in cost and 
energy) and their easy adaptation to flow processes (process intensification through 
flow processes is nowadays essential for modern industrial chemistry to reduce cost-











2.1 General objectives 
 
2.1.1 Research objective 
 
Taking all this into account the main objective of my research work has been the 
synthesis of new supported ionic liquid like-phases derived from imidazolium salts and 
different types of Merrifield resins using click chemistry. 
2.1.2 Personal training objective 
 
Though the work in this TFG, I intended to learn to manage and make use of different 
instruments like those employed for 1H NMR, 13C NMR and FT-IR spectroscopy, DSC, 
TGA, elemental analysis as well as the most important techniques and basic 
equipments in the chemical laboratory. 
2.2 Specific objectives 
 
 Synthetize new polymer supported ionic liquid-like phases based on 
imidazolium salts containing a tertiary amine functional group. 
 Characterize the polymeric compounds synthetized by FT-IR spectroscopy, DSC, 
TGA and elemental analyses. 
 Study the different properties of the polymeric compounds synthetized from 
different types of Merrifield resins. 










3 RESULTS AND DISCUSSION 
 
In the context of the former considerations, we planned the study of the general 
reaction displayed in Scheme 1a) in which a thiol reacts, in a click process, with an 
imidazole containing an alkene fragment to produce a multifunctional imidazole 
containing several groups like sulfide, amide and amine. To carry out this process the 
first required step was the preparation of the corresponding thiol containing 
compounds and the starting imidazole containing the alkene functionality. The same 
approach can be applied to alkene-substituted imidazolium ILs instead of imidazoles, 
including SILLPs based on polystyrene resins (Scheme 1b). In this regard, N-vinyl and N-
allyl imidazole are commercial products and their alkylation with alkyl halides (Scheme 
1c) or chloromethylated polymers (Merrifield resin)(Scheme 1d) would afford the 
corresponding ILs and SILLPs. 
 
Scheme 1.General synthetic click processes considered in this work (a, b) and processes for the 
preparation of starting materials 
3.1 Synthesis of starting materials 
 
In order to obtain the desired initial materials we needed imidazole (and/or 
imidazolium) derivatives containing a reactive double bond. For this purpose, we 
selected, as mentioned above, commercial N-vinyl or N-butenyl imidazole. The 
reaction of these substituted imidazoles with alkyl chloride/bromide affords the N-
alkylation of the non-substituted nitrogen atom of the imidazole ring that would be, 
thus, converted into an imidazolium salt (chloride/bromide) bearing an alkyl 
substituent. The substitution of this alkyl chloride/bromide by a chloromethylated 
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polystyrene (or polystyrene-divinylbenzene: PS-DVB) polymer would afford, in the 
same way, the corresponding supported imidazolium systems containing a reactive 
alkene on the imidazolium fragment (Scheme 1d). 
3.1.1 Synthesis of PS-DVB-supported 3-vinyl-1H-imidazol-3-ium chloride (1) 
 
In our initial experiments, we used the 1-vinyl imidazole as the starting material to 
determine the best conditions for the synthesis of the different supported ionic liquid 
like-phases, assuming that all of them could be obtained under the same conditions. 
Thus, starting from 1-vinyl imidazole, which is a brown liquid, the attachment to a 
Merrifield resin through the nitrogen at the position 3 of the heterocyclic ring was 
assayed. The reaction is a simple nucleophilic attack of this nitrogen atom to a reactive 
alkylating agent as is the Merrifield resin. The selection of this resin was based in the 
capacity of the chloride group in this compound to act as an excellent leaving group. 
The synthesis was carried out at reflux using an air condenser instead of a standard 
condenser because an air condenser reduces water consumption, and this follows the 
Green Chemistry principles. DMF was selected as the solvent because of its high 
boiling point; as the final product is a solid, the separation of this high boiling point 
solvent is not a problem nor energetically demanding, as can be achieved by just 
filtering and washing. This is a good solvent for the reaction and ensures that the 
solvent does not evaporate during the process. 
 
 
After 2h, the solid was filtered and washed with DMF, THF, CH2Cl2 and MeOH and 
dried to afford a brown solid. 
Figure 9.Reflux with an air condenser 
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The resulting polymer was fully characterized by FT-IR. The 
experimental FT-IR spectrum was compared with the one from the 
starting material, and the full disappearance of the C-Cl bond at ca. 
1260 cm-1 could be observed for the first step. The supplementary 
information contains the corresponding spectra. 
 
 
3.1.2 Synthesis of PS-DVB-supported imidazole (2) and 3-(but-3-en-1yl)-1-1H-
imidazol-3-ium bromide (3) 
 
A second polymer was synthetized containing N-butenyl imidazolium groups in order 
to compare the properties of the two SILLPs having imidazolium groups with alkene 
fragments of different nature. 
For this polymer, the nitrogen atom of the imidazole was also alkylated with a 
Merrifield resin. The reaction was carried out under the same conditions than before, 
using again an air condenser for the reflux and DMF as the solvent. In both cases, the 
solid was maintained in suspension using magnetic stirring 
to improve the reactivity.  
After 2h, the product was filtered and washed by the same 
conditions than before and the non-substituted atom in 
position 3 of the inmobilized imidazole fragment was 
alkylated.v¡ It is used for the alkylation of the nitrogen atom 
in the position 3 with 4-bromo-1-butene. This was again a 
simple nucleophilic reaction that nitrogen atom of the 
supported imidazole attacks to a reagent containing a good 
leaving group as a bromide.  
The resulting polymer was fully characterized by FT-IR. The experimental FT-IR 
spectrum was compared with the one from the starting material, and it could be 
observed the full disappearance of the C-Cl bond at ca. 1260 cm-1. The supplementary 
information contains the corresponding spectra. 
  
 
 Figure 10.Polymer 1 
Figure 11.Polymer 2 
 and 3 
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3.2 Synthesis of thiol agents 
3.2.1 Synthesis of N-benzyl-4-mercaptobutanamide (4) 
 
Once the desired starting polymers containing a functional alkenyl group attached to a 
supported imidazolium fragment were obtained, the next step was to prepare the 
second component for the desired click reaction. The desired molecule must contain in 
its structure a thiol group (SH) that should be able to react, in the desired process with 
the alkene group of the aboved prepared polymers. The corresponding thiol 
derivatives were synthetized by the ring opening reaction of a thiolactone using an 
amine as the nucleophile (see in Scheme 2). 
Benzylamine was initially chosen to assess the opening reaction, and the commercially 
available γ-thiobutyrolactone was used as the corresponding thiolactone.  
The mechanism of this process is a nucleophilic attack to the carbonyl carbon atom of 
the thiolactone that produces the breaking of the carbon-sulfur bond, with the 
concomitant formation of a thiol group with a proton from the solvent (or formally 
from the neutral nucleophile). This reaction is catalyzed by 4-dimethylaminopyridine 
(DMAP), whose structure is shown in Figure 12. 
 
Figure 12.Structure of DMAP 
 
Scheme 2.Ring opening reaction of γ-thiobutyrolactone with benzylamine 
The obtained product is a white crystalline solid which has to be kept in the fridge to 




Figure 13.Compound (4) 
3.2.2 Synthesis of N-(3-(dimethylamino)propyl)-4-mercaptobutanamide (5) 
 
For the synthesis of this thiol agent, a second amine (3-(dimethylamino)-1-
propylamine) was selected for the ring opening reaction of γ-
thiobutyrolactone. The mechanism of the reaction can be observed in the 
Scheme 3 using the same conditions than before. 
 
Scheme 3. Ring opening reaction of γ-thiobutyrolactone with 3-(dimethylamino)-1-
propylamine 
3.3 Click reactions between a polymer containing alkene functionality with the 
thiol 
 
Once the starting materials were synthetized, the final click reaction was assayed, 
trying to find the best conditions for this process. For this purpose the different 
polymers (1 and 2) and the thiol 5 were selected. The general process considered is 
presented in the Scheme 4.  
Scheme 4.Click reaction between polymers containing an alkene functionality with the thiol 5 
  
Figure 14.Compund (5) 
 
22 
3.3.1 Effect of the initiator 
 
For the click reaction, an initiator is needed to start the reaction. Thus, the selection of 
the appropriate initiator can be very important.15There are different initiators that can 
be used for this reaction according the literature and some of them have been 









Figure 15.Different initiators for a reaction click. DMPA, 2,2-dimethoxy-2-phenyl acetophenone; 
TMDPO, (2,4,6-trimethylbenzoyl)diphenylphosphine oxide; BP, benzophenone; TX, 
thioxanthone; QC, camphorquinone; AIBN, 2-2`-azoisobutyronitrile. 
 
2,2-Dimethoxy-2-phenyl acetophenone (DMPA): This is a photoinitiator16 that is 
employed in many reactions to forme polymers or macromolecules. 
2-2`-Azoisobutyronitrile (AIBN)17: This is a radical initiator that is used widely in radical 
polymerization, although requires oxygen-free environments because carbon-centered 
radicals can easily react with oxygen to form peroxy radicals, which would stop the 
polymer chain from propagating. While oxygen is fatal for radical polymerization 
                                                     
15 M. Uygun, M. A. Tasdelen, Y. Yagci, Influence of type of initiation on thiol-ene “click” 
chemistry, Macromol. Chem. Phys. 2010, 211, 103-110. 
16 R. A. O’Brien, A. Mirjafari, K. M. Mattson, S M. Murray, N. Mobarrez, E. A. Salter, A. 
Wierzbicki, J. H. Davis Jr., K. N. West, The effect of the sulfur position on the melting points of 
lipidic 1-methyl-3-triaalkylimidazolium ionic liquids, J. Phys. Chem. B2014, 118, 10232-10239. 
 
17 H. Kim, H. Lee, Efficient oxidative self-coupling of polystyrene bearing chain-end primary 
amines, Polymer 72, 2015, 336-340. 
 
                  DMPA                                TMDPO                                                 BP          
                   TX                                           CQ                                                      AIBN 
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initiated by AIBN, peroxy radicals generated by the reaction between carbon-centered 
radicals and oxygen were found to be useful in radical-based organic reactions. This 
molecule is thermally decomposed to form two radical groups following the 
mechanism displayed in the Scheme 5. 
 
Scheme 5.Mechanism for the thermal decomposition of AIBN 
3.3.2 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium chloride (8, 9, 10, 11) 
 
In our initial experiments the use of a thermal initiator like AIBN was assayed for 
anchoring the thiol to the polymer containing the alkene functionality. This reaction 
was carried out in a                      nitrogen atmosphere to avoid, as commented above, 
the formation of peroxy radicals in the presence ofoxygen. Nevertheless, the results 
were not positive even under these conditions, revealing that this process seems not 
to be an appropriate method for obtaining the desired materials. 
 
Figure 16.Reaction to obtain the compounds (8, 9, 10, 11) with atmosphere of N2 
In the light of these initial negative results, the initially selected initiator (AIBN) was 
substituted by the photoinitiator DMPA. For the use of DMPA in the click reaction, the 
process was carried out under the irradiation of a UV lamp (Scheme 4). Unfortunately, 
also under these conditions the desired material was not obtained. 
Finally, it was decided to address the process by exchanging the reaction steps: 
 Carrying out the click reaction between 1-vinylimidazole, containing analkene 
functionality, with the thiol (Scheme 1 was the first step. 
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Following this approach, the compound 7 was obtained throughthis synthesis, in which 
1-vinylimidazolereacts with the thiol. This reaction worked well in the presence of a 
photoinitiator (DMPA),18and Attachment of a Merrifield resin in the nitrogen at the 
position 3 of the heterocyclic ring using the irradiation from aUV lamp.19 The desired 
product is a viscous liquid that could be purified through the washing with TBME (3 x 
10 mL) and hexane (3 x 10 mL). 
 The second step was then the attachment of the imidazole 7 to a Merrifield 
resin through the unsubstituted nitrogen atom at the position 3 of the 
heterocyclic ring.  
 
Scheme 5.Final general synthteizdmethod 
 
Figure 17.Polymers 8, 9, 10 and 11 
3.4 Studies using FT-IR 
 
It was studied by FT-IR spectroscopy the elimination of the Merrifield resin 
characteristic bond C-Cl. To confirm and ensure that it was obtained the compound 8 
which it can be follow by FT-IR studies. The signal associated to C-Cl bond which 
appears at 1265 cm-1, it can be observed in the Figure 16 that it was eliminated. 
                                                     
18 A. Mirjafari, R. A. O’Brien, K. N. West, J.H. Davis Jr., Synthesis of new lipid-inspired ionic liquid 
by thiol-ene chemistry: profound solvent effect on reaction pathway, Chem Eur. J., 2014, 20, 
7576-7580. 
19 K. L. Killops, L. M. Campos, C. J. Hawker, Robust, efficient and orthogonal synthesis of 
dendrimers via thiol-ene “click” chemistry, J. Am. Chem. Soc., 2008, 130, 5062-5064. 
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Figure 18.Partial FT-IR of the Merrifield resin gel type 4.3 meq/g (green) and FT-IR of the 
compound (8) (blue) 
In the spectrum for polymer 8 presented in this figure, the presence of the expected 
amide bands (blue spectrum) at 3370, 3230 and 1649 cm-1 and the absence of the C-Cl 
band at 1265 cm-1 can be clearly be observed. Therefore, this reaction worked 
correctly to form the desired product. 
Elemental analyses werealso performed to confirm the formation of the expected 
structures. The results obtained have been presented in Table 1 for the initial 
imidazole containing thethioether functionality and for the different polymers 
obtained. The presence of S and N in the corresponding elemental analyses for 
polymers 8-11 demonstrate the incorporation of the desired functional group and the 
corresponding loading can be inferred from the obtained percentages for each resin. 
The obtained N/S ratio is similar for all the polymeric samples (1.4-1.6) and agrees well 
with the value obtained for the starting imidazole 7 (1.6), being within the 
experimental error for this kind of analyses. The theoretical ratio for 7 considering the 
presence of 4 nitrogen atoms and 1 sulfur atom is 1.75, which is slightly higher than 
the value for 7 or those for 8-11. This suggests that the values for N can be slightly 
lower in the combustion analyses according to the presence of very different types of 
nitrogen atoms in the structure of 7 (and accordingly in the structure of polymers 8-
11). In agreement with this, the loadings calculated from the percentage of nitrogen 
are always slightly lower than those calculated from the percentage of sulfur. In the 
1265 cm-1 
1649 cm-1 
3370, 3230 cm-1 
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table the presented loadings correspond to the average of the loadings calculated 
from the percentages of both N and S. 
 
Table 1.Results from the elemental analysis of compound 7 and the final polymers 8-11 
Compound N (%) C (%) H (%) S (%) Loading 
(mmol/g) 
7  14.65 51.56 8.139 9.043 - 
8 (gel type) 7.889 60.24 7.264 5.58 1.6 
9 (gel type) 5.967 70.32 7.592 4.377 1.2 
10 
(macroporous) 
8.823 59.95 7.469 6.212 1.8 
11 
(macroporous) 
2.907 78.19 7.505 1.849 0.5 
 
3.5 Studies using DSC 
 
The final products were also studied by Differential Scanning Calorimetry (DSC). In this 
experiment the thermal transitions associated to the heating/cooling of a sample of 
the polymer can be determined by analyzing the heat flow occurring at the sample and 
this allows the detection and study of processes taking place in the polymer like phase 
transitions, loss of retained substances, decomposition or, eventually, melting. In our 
case melting is not possible as the starting Merrifield resins were crosslinked materials 
for which melting does not take place, requiring a previous decomposition. 
All the polymers presented a very similar thermal behavior. As an illustration, the DSC 
obtained for the polymer 8 is shown in Figure 19. 
 
Figure 19.Spectrum DSC of the compound 8 
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As can be seen in Figure 19, a clear transition was observed in a first heating cycle (10 
ᴼC/min) at relatively low temperatures. This strong endothermic transition taking place 
at 110 ᴼC can be assigned to the presence of water retained in the polymeric matrix. 
This is not surprising if considering that these polymers contain imidazolium polar 
groups that can act as highly hydrophilic fragments in the polymeric network. 
According to this hypothesis, this transition is not observed in the second heating 
cycle. Moreover, when higher temperatures were reached in this second heating cycle 
(10 ᴼC/min), a second strong endothermic transition was observed at 320 ᴼC. 
According to the nature of these polymers, this transition corresponds with the 
decomposition of the polymer. 
3.6 Applications 
 
Drying organic liquids is a particularly important task in many fields of chemistry as 
well as in several industrial processes such as solvent recycling and the production of 
ethanol and biodiesel. Many industries use large volumes of organic solvents that need 
to be recycled to preserve the environment and fulfill the principles of Green 
Chemistry. Used organic solvents recovered after a chemical process is usually 
contaminated with water. However, this can be solved with the use of a desiccant 
agent. Desiccants can be broken down into two categories: single use desiccants like 
sodium sulphate and reusable desiccants such as molecular sieves. All desiccants have 
economic and environmental concerns. However, molecular sieves and related 
systems have the advantage of being reusable and it can be regenerated with the help 
of energy.20 
The criteria for a perfect desiccant agent can be defined as follows: it has the ability to 
retain water strongly during the capture step; it can eliminate water easily during 
regeneration; it is stable enough to be recycled; it is inert to the solvent of interest and 
possessing a high water retention capacity.  
In recent years, CO2-switchable materials have been developed. They rely on the 
ionization of amine containing molecules when CO2 was dissolved into the 
corresponding solution (Scheme 6).  
 
Scheme 6.Reaction of an amine in the presence of CO2 for the development of drying 
compounds  
                                                     
20  K. J. Boniface, R. R. Dykeman, A. Cormier, H. Wang, S. M. Mercer, G. Liu, M. F. Cunnigham, P. 
G. Jessop, CO2-switchable drying agents, Green Chem., 2016, 18, 208-213. 
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In this work we also studied the potential of the obtained polymers in this context, 
taking into account that the introduced functional groups contain tertiary amine 
groups that could react with CO2 to produce a new ionic functionality able to retain 
water. In this regard, two different solutions (acetone-water) with 0.3% and 5% 
contents in water were studied. The amount of water present in these acetone 
samples before and after the treatment with the corresponding polymer was 
determined with the use of a Karl Fischer instrument. 
Polymers 10 and 11 were selected for the corresponding experiments. To check their 
capacity to act as potential desiccants, a fixed amount of the selected polymer(500 mg) 
was introduced in a vial and suspended in the desired sample of wet acetone (5 mL, 
0.3% or 5% of water). Then, CO2 from a balloon was bubbled through the suspension 
for 1 hour, as it can be observed in Figure 20. The polymer was filtered out and the 
resulting acetone sample was analyzed through the Karl Fischer method (Figure 21 and 
Figure 22) to determine the final content in water and accordingly the water loss. The 
data obtained have been gathered in Table 2. 
 
Figure 20.Study of the functional polymers as drying agents. 
   




Table 2.Results of Karl Fischer titrations 
Polymer Reaction 0.3% water 
solution 
Results 5% water 
solution 
Results 
10 Before 0.3492% water  
Yes 
5.2743% water  
Yes After 0.2490% water 4.6785% water 
11 Before 0.3492% water  
No 
5.2743% water  
No After 0.4010% water 6.2930% water 
 
From the results presented in Table 2, it can be concluded that polymer 10 was the 
best choice as desiccant from the two selected. Although at a limited extent, this 
polymer is able to reduce the water content in both acetone samples. This opens the 
way to a further study and analysis of the potential of this approach for the 
development of a new generation of desiccants. 
4 EXPERIMENTAL 
 
The different techniques that were employed for the characterization of the products 
were the following: Proton and Carbon Nuclear Magnetic Resonance (1H-NMR and 13C-
NMR), Infrared Spectroscopy (FT-IR), Mass Spectrometry (MS), Elemental Analysis and 
Differential Scanning Calorimetry (DSC). 
General: Reagents and solvents were purchased from commercial suppliers (Aldrich) 
and were used without further purification. 
NMR Spectroscopy: The NMR experiments were carried out at AVANCE III HD NanoBay 
Bruker 400 MHz. 
Mass Spectrometry: Mass spectra were obtained a Quattro LC (Waters) with 
electrospray ionization in ESI+ mode. 
Infrared Spectroscopy: FT-IR spectra were acquired on a Jasco 6200 equipment having 
a MIRacle Single Reflection ATR Diamond ZnSe accessory. 
Differential Scanning Calorimetry: DSC data were obtained on a TG-STDA Mettler 
Toledo model TGA/SDTA851e/LF/1600, in a nitrogen atmosphere. 





4.1 Synthesis of PS-DVB-supported-3-vinyl-1H-imidazol-3-ium chloride (1) 
A Merrifield resin (gel type, 1% DVB, 4.3 meq/g Cl, 21.5 
mmol, 5.002 g) was introduced in a round bottom flask 
and suspended in DMF (30 mL). The mixture was stirred 
for 30 min and then the stoichiometric quantity of 1-
vinyl imidazole was added (331 mmol, 30 mL). The 
reaction was maintained with magnetic stirring for 4 
hours (80 :C). After this period, the polymer was filtered and washed with DMF, THF, 
CH2Cl2 and MeOH and dried in a vacuum oven at 50 :C to obtain a brown solid. Yield: 
100%. IR (cm-1) ATR: 3049, 2926, 1652, 1548, 1450, 1159, 1027, 761, 659. Elemental 
analysis (%): N, 8.4; C, 65.3; H, 6.4. (3.0 meq imidazolium/g, 3.06 meq imidazolium/g 
calculated for a full conversion). 
4.2 Synthesis of PS-DVB-supported-imidazole (2) 
A Merrifield resin (gel type, 1% DVB, 4.3 meq/g Cl, 43 mmol, 
10.075 g, 1 eq) was introduced in a round bottom flask and 
suspended in DMF (60 mL). The mixture was stirred for 30 
min and then the stoichiometric quantity of imidazole was 
added (129 mmol, 8.1943 g, 3 eq). The reaction was maintained with magnetic stirring 
for 20 hours (80 :C). After this period, the polymer was filtered and washed with DMF, 
THF, CH2Cl2 and MeOH and dried in a vacuum oven at 50 :C to obtain a yellow solid. 
Yield: 100%. IR (cm-1) ATR: 3024, 2120, 1558, 1508, 1493, 1450, 1422, 1143, 1030, 816, 
759, 661. Elemental analysis (%): N, 5.7; C, 57.8; H, 5.1. 
4.3 Synthesis of PS-DVB-supported-3-(but-3-en-1yl)-1H-imidazole-3-ium bromide 
(3) 
Polymer 2 (4.3 mmol, 1.009 g, 1 eq) was 
introduced in a round bottom flask and 
suspended in DMF (5 mL). The mixture was stirred 
for 30 min and then the stoichiometric quantity of 
4-bromo-1-butene was added (5.16 mmoles, 540 
µL, 1.2 eq). The reaction was maintained with 
magnetic stirring for 4 hours (80 :C). After this period, the polymer was filtered and 
washed with DMF, THF, CH2Cl2 and MeOH and dried in a vacuum oven at 50 :C to 
obtain a yellow solid. Yield: 100%. IR (cm-1) ATR: 3129, 3023, 2925, 1560, 1511, 1493, 
1451, 1424, 1354, 1220, 1217, 1152, 1025, 925, 822, 759, 701, 639, 619. Elemental 
analysis (%): N, 5.7; C, 63; H, 5.9. 
4.4 Synthesis of N-benzyl-4-mercaptobutanamide (4) 
γ-thiobutyrolactone (10 mmol, 900 
µL, 1 eq) was introduced in a round 
bottom flask and dissolved in EtOH 
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(5 mL). The mixture was stirred for 15 min to ensure a homogeneous dissolution and 
then the stoichiometric quantity of benzylamine was added (10 mmol, 1100 µL) and 
DMAP (1 mmol, 0.128 g, 1 eq). The reaction was maintained with magnetic stirring for 
2.5 hours. Then, the solvent was eliminated in vacuum and the obtained white solid 
was washed with hexane (3 x 5 mL). Finally the pure product was vacuum dried 
overnight, to obtain the pure desired product as a white solid. Yield (%): 100. IR (cm-1) 
ATR: 3295, 3063, 3030, 2933, 1635, 1541, 1492, 1453, 1416, 1379, 1358, 1316, 1245, 
1234, 1195, 1078, 1024, 997, 913, 921, 905, 747, 717, 693, 605.1H NMR (500 MHz, 
CDCl3) (δ, ppm): 7.29-7.26 (m, 5H), 5.72 (s, 1H), 4.37 (d, 2H), 2.55-2.51 (m, 2H), 2.31-
2.28 (m, 2H), 1.94-1.90 (m, 2H), 1.28-1.25 (m, 1H). 13C NMR (400 MHz, CDCl3) (δ, ppm): 
24.9, 29.5, 34.6, 43.6, 127.5, 127.6, 127.8, 128.7, 128.8, 138.3, and 172. Elemental 
analysis (%): N, 7.3; C, 63.1; H, 7; S, 14.3. 
4.5 Synthesis of N-(3-(dimethylamino)propyl)-4-mercaptobutanamide (5) 
γ-thiobutyrolactone (10mmol, 900 µL, 
1 eq) was introduced in a round 
bottom flask and was dissolved in 5 mL 
of EtOH. The mixture was stirred for 15 
min to ensure a homogeneous 
dissolution and then the stoichiometric quantity of 3-(dimethylamino)-1-propylamine 
was added (10 mmol, 1260 µL, 1 eq) and DMAP (1 mmol, 0.126 g). The reaction was 
maintained with magnetic stirring for 2.5 hours. Then, the solvent was eliminated in 
vacuum and the obtained transparent viscous liquid was washed with hexane (3 x 10 
mL). Finally the pure product was vacuum dried overnight, to obtain the pure desired 
product as a transparent viscous liquid. Yield (%): 89.8. IR (cm-1) ATR: 3292, 3076, 2937, 
2861, 2815, 2768, 1640, 1541, 1456, 1375, 1259, 1241, 1181, 1155, 1098, 1037, 992, 
833, 693.1H NMR (400 MHz, CDCl3) (δ, ppm): 3.25 (m, 2H), 2.65 (t, 1H), 2.51 (t, 1H), 
2.30 (t, 2H), 2.21 (t, 2H), 2.16 (s, 6H), 1.95 (q, 1H), 1.86 (q, 1H), 1.58 (q, 2H).13C NMR 
(400 MHz, CDCl3) (δ, ppm): 24.5, 26.2, 29.7, 34.9, 39, 45.5, 58.7, and 171.9. Elemental 
analysis (%): N, 13.3; C, 52.3; H, 9.2; S, 14.5. Calculated: C 52.90 %, H 9.87 %, N 13 
.71 %, S 15.69 %. 
4.6 Synthesis of 1-benzyl-3-vinyl-1H-imidazol-3-ium chloride (6) 
1-Vinylimidazole (5.52 mmol, 500 µL, 1 eq) 
was introduced in a round bottom flask and 
dissolved in acetonitrile (2 mL). The mixture 
was stirred for 15 min to ensure a 
homogeneous dissolution and then the 
stoichiometric quantity of benzyl chloride 
was added (6.07 mmol, 699 µL, 1.1 eq).The reaction was maintained with magnetic 
stirring for 24 hours (60 :C). Then, the solvent was eliminated in vacuum and the 
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obtained brown viscous liquid was washed with TBME (3 x 10 mL). Finally the pure 
product was vacuum dried overnight, to obtain the pure desired product as a brown 
viscous liquid. Yield (%): 100 %. IR (cm-1) ATR: 3037, 2980, 2857, 1650, 1567, 1548, 
1495, 1455, 1415, 1368, 1308, 1274, 1201, 1162, 1080, 1029, 964, 916, 822, 778, 759, 
713, 658, 627.1H NMR (400 MHz, CDCl3) (δ, ppm): 11.33 (s, 1H), 7.78 (s, 1H), 7.47-7.43 
(m, 2H), 7.35-7.33 (d, 1H), 7.31-7.29 (dd, 3H), 5.94-5.89 (dd, 1H), 5.57 (t, 2H), 5.29-5.26 
(dd, 1H).13C NMR (400 MHz, CDCl3) (δ, ppm): 51.6, 107.9, 114.5, 117.6, 120.6, 126.5, 
127.2, 127.5, 127.7, 131, and 134.4. Elemental analysis (%): N, 11.3; C, 58.8; H, 6.4. 
Calculated: C 65.31 %, N 5.94 %, N, 12.69 %. 
4.7 Synthesis of 4-((2-(1H-imidazol-1-yl)ethyl)thio)-N-(3-
(dimethylamino)propyl)butanamide (7) 
1-Vinylimidazole (3.18 
mmol, 289 µL, 1 eq) 
was introduced in a 
round bottom flask 
and dissolved in 
MeOH/CH2Cl2 1:1 (1 mL). The mixture was stirred for 15 min to ensure a homogeneous 
dissolution and then the stoichiometric quantity of compound 5 was added (3.82 
mmol, 0.780 g, 1.2 eq) and the photoinitiator, DMPA (3.18 mmol, 0.825 g, 1 eq).The 
reaction was irradiated with ultraviolet light using a mercury lamp of 125 W with 
magnetic stirring for 24 hours. Then, the solvent was eliminated in vacuum and the 
obtained brown viscous liquid was washed with TBME (3 x 10 mL) and hexane (3 x 10 
mL). Finally the pure product was vacuum dried overnight, to obtain the pure desired 
product as a brown viscous liquid. Yield (%): 60.7. IR (cm-1) ATR: 3443, 3282, 2934, 
2861, 1651, 1551, 1501, 1440, 1386, 1253, 1091, 1062, 916, 864, 659.1H NMR (400 
MHz, CDCl3) (δ, ppm):7.49 (s, 1H), 6.98 (s, 1H), 6.85 (m, 1H), 4.15 (t, 1H), 3.25 (m, 2H), 
2.76 (m, 2H), 2.41 (t, 2H), 2.35 (t, 2H), 2.22 (m, 6H), 1.87 (m, 2H), 1.68 (m, 2H), 1.20 (m, 
4H).13C NMR (400 MHz, CDCl3) (δ, ppm): 26.1, 26.2, 31.7, 33, 34.9, 39.3, 45.4, 47.1, 
49.4, 58.6, 118.9, 128.5, 137.3, and 171.9. Elemental analysis: N, 14.7; C, 51.6; H, 8.1; 
S, 9. Calculated: C 56.34 %, H 8.78 %, N 18.77 %, S 10.74 %. 
4.8 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium chloride (8) 
Compound 7 (1.68 
mmol, 503.01 mg, 3 
eq) was introduced in a 
round bottom flask and 
suspended in DMF (5 
mL). The mixture was 
stirred for 15 min and then the stoichiometric quantity of Merrifield resin (gel type 4.3 
meq/g Cl) was added (0.56 mmol, 130.4 mg, 1 eq). The reaction was maintained with 
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magnetic stirring for 24 hours (80 :C) filtered and washed with DMF, THF, CH2Cl2 and 
MeOH and dried in a vacuum oven at 50 :C. Yellow solid. IR (cm-1) ATR: 3361, 3239, 
3026, 2920, 1651, 1547, 1509, 1483, 1445, 1364, 1326, 1286, 1231, 1153, 1106, 1079, 
1030, 999, 907, 855, 823, 759, 700, 662, 638, 621. Elemental analysis (%): N, 7.9; C, 
60.2; H, 7.3; S, 5.6. (1.41 meq imidazolium/g, 1.92 meq imidazolium/g calculated for a 
full conversion). 
4.9 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium chloride (9) 
Compound 7 (6.3 
mmol, 1.877 g, 3 eq) 
was introduced in a 
round bottom flask 
and suspended in 
DMF (5 mL). The 
mixture was stirred for 15 min and then the stoichiometric quantity of Merrifield resin 
(gel type 2.1 meq Cl/g) was added (2.1 mmol, 1 g, 1 eq). The reaction was maintained 
with magnetic stirring for 24 hours (80 :C). After this period, the polymer was filtered 
and washed with DMF, THF, CH2Cl2 and MeOH and dried in a vacuum oven at 50 :C. 
Yellow solid. IR (cm-1) ATR: 3055, 3023, 2922, 1652, 1542, 1507, 1490, 1451, 1362, 
1229, 1154, 1106, 1077, 1029, 906, 857, 822, 759, 699, 663. Elemental analysis (%): N, 
6; C, 70.3; H, 7.6; S, 4.4. (1.07 meq imidazolium/g, 1.31 meq imidazolium/g calculated 
for a full conversion). 
4.10 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium chloride (10) 
Compound 7 (9.9 
mmol, 2.95 g, 3 eq) 
was introduced in a 
round bottom flask 
and suspended in 
DMF (5 mL). The 
mixture was stirred for 15 min and then the stoichiometric quantity of Merrifield resin 
(macroporous type 5.5 meq Cl/g) was added (3.3 mmol, 600 mg, 1 eq). The reaction 
was maintained with magnetic stirring for 24 hours (80 :C). After this period, the 
polymer was filtered and washed with DMF, THF, CH2Cl2 and MeOH and dried in a 
vacuum oven at 50 :C. White solid. IR (cm-1) ATR: 3242, 3023, 2928, 1655, 1556, 1541, 
1508, 1486, 1455, 1373, 1362, 1238, 1156, 1107, 1082, 1032, 858, 828, 760, 745, 714, 
666, 643, 629. Elemental analysis (%): N, 8.8; C, 60; H, 7.5; S, 6.2. (1.57 meq 
imidazolium/g, 1.88 meq imidazolium/g calculated for a full conversion). 
 
34 
4.11 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium chloride (11) 
Compound 7 (3.6 
mmol, 1.07 g, 3 eq) 
was introduced in 
a round bottom 
flask and 
suspended in DMF 
(5 mL). The mixture was stirred for 15 min and then the stoichiometric quantity of 
Merrifield resin (macroporous type 1.2 meq Cl/g) was added (1.2 mmol, 1 g, 1 eq). The 
reaction was maintained with magnetic stirring for 24 hours (80 :C). After this period, 
the polymer was filtered and washed with DMF, THF, CH2Cl2 and MeOH and dried in a 
vacuum oven at 50 :C. White solid. IR (cm-1) ATR: 3056, 3025, 2924, 2852, 1659, 1601, 
1547, 1492, 1451, 1155, 1029, 904, 829, 757, 699. Elemental analysis (%): N, 2.9; C, 




4.12 Synthesis of PS-DVB-supported-3-(2-((4-((3-(dimethylamino)propyl)amino)-4-
oxobutyl)thio)ethyl)-1H-imidazol-3-ium bis((trifluoromethyl)sulfonyl)amide 
(12) 
Compound 10 (1 g, 5.5 
mmol, 1 eq) was 
suspended in 25 mL of 
MeOH. Then LiNTf2 (4.74 
g, 16.5 mmoles, 3 eq) was 
dissolved in 2 mL of miliQ 
water and added to the suspension. The ratio MeOH:water was 25:1. The system was 
stirred for 24 h at r.t. Then, The polymer was filtered and washed (3x20 mL) with 
MeOH, MeOH:water (1:1), MeOH and CH2Cl2. Finally, the polymer dried in a vacuum 
oven at 50 :C.Yellow solid. IR (cm-1) ATR: 3396, 2929, 1658, 1536, 1482, 1450, 1424, 






 A general reaction to prepare a variety of ILs by click chemistry has been 
optimized, and the final conditions selected involved the use of MeOH/CH2Cl2 
1:1 as the solvent to carry out the reaction. The reaction time was 24 hours. 
The initiator chosen for this reaction was DMPA (1 equivalent)and with an 
irradiation with ultraviolet light using a mercury lamp of 125 W. The obtained 
product was washed with TBME (3 x 10 mL) and hexane (3 x 10 mL) for 
purification. With these conditions yields about 60.7% were obtained. 
 
 Three polymer supported ionic liquid like-phases based on imidazolium salts 
with a tertiary amine and chloride counter anion have been synthetized and 
characterized by different techniques. 
 
 A polymer supported ionic liquid like-phase based on an imidazolium salt with a 
tertiary amine and NTf2
-counteranion has been obtained by exchange of the 
chloride anion by NTf2
- and was characterized by different techniques. 
 
 Polymer 10was studied as a potential desiccating agent showing some 
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ANNEX 1: IR SPECTROSCOPY 
 
Illustration 1. IR spectra of compound 1 
 





Illustration 3. IR spectra of compound 3 
 




Illustration 5. IR spectra of compound 5 
 





Illustration 7. IR spectra of compound 7 
 
 




Illustration 9. IR spectra of compound 9 
 






Illustration 11. IR spectra of compound 11 




ANNEX 2: H-NMR SPECTROSCOPY 
 
Illustration 13. H-NMR spectra of compound 4 
 




Illustration 15.H-NMR spectra of compound 6 
 




ANNEX 3: C-NMR SPECTROSCOPY 
 
Illustration 17. C-NMR spectra of compound 4 
 




Illustration 19. C-NMR spectra of compound 6 
 




ANNEX 4: TGA ANALYSES 

















Illustration 21. TGA spectra of compound 8 

















Illustration 22. TGA spectra of compound 9 
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Illustration 23. TGA spectra of compound 10 
 

















Illustration 24. TGA spectra of compound 11 
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ANNEX 4: DSC ANALYSES 
 
Illustration 25. DSC spectra of compound 8 
 





Illustration 27. DSC spectra of compound 12 
 
